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Sustainable food systems need healthy soils, yet little
is done to scale up innovations and technologies to
improve the condition and reverse the degradation

of our soils. Protecting this vital resource is a shared
responsibility for farmers, scientists, companies,
consumers and governments to ensure we preserve
the bedrock of our food. Several technology solutions
and sustainable processes exist, but what is missing
is their adoption in practice due to affordability and
lack of knowledge, among other reasons.

In a rapidly digitalizing world, data and technology
applied directly to improving soil health could unlock
a multitude of co-benefits, from better nutrition

and carbon sequestration to restoring biodiversity,
building resilient farmer livelihoods and improving
water retention. Innovations in precision agriculture,
satellite imagery, sensor technology and artificial
intelligence (Al) present excellent opportunities to
restore and improve soil quality. While grappling
with the threats of soil degradation, biodiversity loss
and climate change, it is imperative for everyone to
get on board and work together.

David Costa
Chief Sustainability Business
Officer, NTT DATA, UK

Businesses that create soil health products require
better awareness of how to produce appropriate
and context-specific solutions while incorporating
traditional knowledge that has protected our soils
for millennia. On the other hand, governments
need to foster enabling environments that balance
the effort, monitoring and cost of maintaining
healthy soils. Most important is the implementation
of a farmer-centric approach that not only
acknowledges the role of farmers as custodians of
their lands but also offers them the right support to
develop more capabilities as the first line of defence.

In creating an ecosystem that allows seamless
cooperation towards one goal, harmonization of
soil data resources is key, paving the way for novel
technologies such as Al that can help generate
useful insights from the massive troves of data
that would otherwise be of little use. By investing
in and creating space for learning exchange and
collaboration to take place, we will unlock new
opportunities for soil health.
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Executive summary

Ambitious action — with data and digital
infrastructure at its core — is needed to
deliver tangible improvements in soil health.

About 95% of all food supply relies on healthy
soils, yet nearly a third of agricultural land globally
is degraded. Understanding the components of
healthy soil — including stored organic carbon,
nutrient density, biodiversity and water retention
— is critical to growing healthy, nutritious food and
transforming the food system into a carbon sink
rather than a carbon emitter."

This paper explores the possibilities for collaboration
and adoption of existing solutions and technologies
to review soil health at scale, build stakeholders’
capabilities, highlight investment-worthy innovation
opportunities and provide fresh perspectives at the
global forefront of innovations crucial to soil health.?
Food security and closing yield gaps in Africa — and
the contribution of soil health to both outcomes —
are the vital concepts whose connections to one
another have been analysed in the paper.

The paper proposes five recommendations with the
greatest potential impact on food security, yield and
soil health, which have been reached by answering
the following two questions:

What will enable farmers
to make better decisions
on soil health?

Recommendation 1. Enhance extension
services: Consulting farmers on what
agronomic advice could be provided to

them to strengthen their capabilities (e.g.
informed crop planning and risk management)
is an effective measure for supporting

farmers in adopting sustainable farming
practices, alongside recommendations

on how to access financial resources.

Recommendation 2. Digitalize agriculture:
Ensuring the availability of data — on the delivery
of inputs (e.g. fertilizers and seeds), extension
services (including those related to training on
climate-smart agriculture) and markets (e.g.
information on buyers) — would provide the
building blocks for future digital agriculture.
This could be enhanced with adequate data to
customize fertilizer formulations, seed traits or
training activities. These foundations need to
address governance and deliver net benefits to
farmers through improved data interoperability,
enhanced digital policies and digital inclusion.
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f What practices and inputs

| need to be promoted to
deliver a real impact on
soil health?

— Recommendation 3. Apply climate-smart
agriculture: Enabling soil erosion management
interventions is essential to mitigate the effects
of erosion on agricultural lands.

— Recommendation 4. Reverse fertility decline:
Increasing the availability of fertilizers is
important in addressing the issue of nutrient
depletion across the African continent.® This
intervention is crucial for bridging the yield gap
and boosting agricultural productivity through
soil health and fertility restoration.

— Recommendation 5. Research and develop
other high-quality inputs: Working to develop
high-value inputs — such as quality seeds and
cultivars from crops adapted to local conditions
— is vital to enhance agricultural productivity
and sustainability.

These recommendations are based on analyses
of the agricultural potential and readiness to

adopt technologies for soil health of seven African
countries: Ghana, Nigeria, Cote d’Ivoire (lvory
Coast), Kenya, Tanzania, Zambia and South Africa.

If the rate of adoption of improved fertilization,
high-quality seeds and climate-smart agriculture
was raised by 10 percentage points compared

to today’s levels, a combined improvement in
yields of 882,817 tonnes and $1 billion in terms

of farm income would be achieved in four of the
studied countries (Ghana, Nigeria, Kenya and
Tanzania)* — a clear statement of the transformative

potential of acting on soil health to improve

yields and food security (see Section 3 for a
more detailed explanation). Extension services
and digital agriculture, on the other hand, are
proven catalysts of positive change in smallholder
communities that should be put at the centre of
the transformative process.

To realize the identified potential, the ecosystem
can already count on some crucial advantages —
but with some important caveats:

— Farmers have accumulated knowledge
that enables them to gauge effectively the
challenges they face — what they lack for the
most part are the tools and means necessary
to undertake the necessary changes.

— International organizations, the region’s
governments and private actors are
investing heavily in addressing some of the
identified challenges. However, these initiatives
still need to overcome barriers related to the
development of fully customized products
(e.g. fertilizers and seeds), including issues
with increasing the reach of supply chains in
remote areas, building the capability of farmers
to become more efficient in their agronomic
decision-making, involving the private sector
more actively and enhancing current policies,
with the aim of encouraging inclusiveness,
trustworthiness and transparency in
the agricultural system.

— Improving the reach and impact of existing
initiatives and enabling the adoption at scale
of technology solutions requires multistakeholder
collaboration, which agricultural platforms —
such as the World Economic Forum’s Food
Innovation Hubs and 100 Million Farmers —
can provide.
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Introduction

Data and digital infrastructure have a crucial
role to play in enabling farmers to improve
soil health in sub-Saharan African.

In Africa, where agriculture sustains millions of
livelihoods while the population is poised to nearly
double by 2050, there is an urgent need to act

on food security. The imperative to ensure food
security reaches beyond Africa to the world: holding
60% of the world’s remaining arable land, Africa’s
potential to contribute significantly to global food
networks is undeniable.

Known for its production of maize, coffee, cocoa
and various fruits, Africa plays a crucial role in the
global agricultural landscape. However, the region
faces challenges such as declining soil fertility
and low soil organic carbon (SOC) levels and
lacks adequate replenishment of those nutrients,
exacerbating soil degradation. Climate change
highlights this challenge, with extreme weather
conditions disrupting agricultural productivity.

Africa’s agricultural landscape is remarkably
diverse, shaped by its varied climates and soils
across different regions. Despite the richness of its
resources, however, sub-Saharan Africa remains a
net food importer. While imports might make food
affordable in the short term, they weaken local
production systems and potentially compromise
long-term food security. This fragility is felt more
intensely when paired with adverse phenomena
such as the severe drought afflicting East Africa.®
The system’s weakness can be seen in the 25%
undernourishment rate affecting households.®
Acknowledging the magnitude of these challenges
and Africa’s pivotal role in global food security, the
World Economic Forum has brought significant
attention to bear on the role of soil health in the
pursuit of food security. As awareness among
leaders and stakeholders grows, efforts are
intensifying to narrow the yield gap and bolster
agriculture’s resilience to climate change, with soil
health taking centre stage.

Unsustainable land use practices, climate change,

nutrient depletion, soil acidification and soil erosion
have been recognized as significant contributors to
soil degradation over time. To address these issues

and restore and improve soil health, locally tailored
practices that include agroforestry, integrated soil
fertility management, crop rotation, intercropping,
diversification of crops or cover cropping must

be adopted. Moreover, high-tech and data-based
solutions should be used, such as app-based
advisory and decision-support tools, spatially
explicit mapping and monitoring of soils to prioritize
interventions as well as track changes over time.
Additionally, coupling the use of field-based surveys
with advances in soil spectroscopy and drones for
remote sensing and monitoring of soil properties
such as moisture and temperature from above,
together with sensors to continuously monitor SOC,
pH and nutrient contents are key. The outputs are
fed into integrated systems that collect the data on
soil, analyse it and support decision-making.

Safeguarding soil health is a collective responsibility
that demands collaborative action, which implies
providing farmers with the proper training, as they
are the crucial player in these efforts. Governments,
international and regional organizations, the private
sector, universities and civil society increasingly
show an awareness of the key role that African
farmers can play in feeding the world while
maintaining sustainable farming practices. Public
and private initiatives are already under way to
realize this potential, promoting adoption at scale of
regenerative practices and innovative technologies.

Of the seven African countries discussed in this
paper, Kenya needs a boost in its agricultural
production, given that 63% of its arable land is
affected by soil acidity and its vital nutrients are
depleting,” while Tanzania has high potential to
boost agricultural production as well, but has

32.7 million hectares covered by acidic soil.2 On
the other hand, South Africa, losing 400 million
tonnes as waste from the agricultural sector, also
needs to address soil degradation. Lastly, Cote
d’Ivoire (lvory Coast), Nigeria and Ghana all exhibit
significant room for improvement, yet contend with
land degradation issues, leading to diminished crop
yields and impeding efforts towards sustainability.

Healthy soils are the foundation of resilient and productive food systems. In Africa,
maintaining healthy soils is essential to agriculture that produces food and supports
livelihoods and economies. FAO is fully committed to advancing sustainable soil
management practices that restore and improve soil health, address various soil threats
including climate challenges and contribute to food security across the continent.

Lifeng Li, Director, Land and Water Division, UN-FAO
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1.1

® Food security,
particularly in
Africa, is an area
of increasing
concern given
the continent’s
potential future
role in global
food networks.

Challenges and solutions

While progress has been made in soll
nutrient management in Africa, the increasing
soil erosion rates have led to SOC depletion

and fertility loss.

Food security, particularly in Africa, is an area of
increasing concern given the continent’s potential
future role in global food networks. However,
challenges such as low agricultural productivity

and soil degradation, compounded by the lack of
adequate soil data, constrain progress and prevent
the continent moving on from being a net importer of
food. Efforts are being made to promote soil health
through sustainable land management practices,
with initiatives aimed at empowering farmers

and improving sail fertility to bolster agricultural
sustainability, but these are still hampered by limited
availability of important inputs such as fertilizers.

Soil erosion, sail fertility and SOC were selected
as benchmarks for evaluating soil productivity

due to the importance of assessing soil health.
Soil erosion, driven by climate change and human
activities, leads to the loss of fertile land and
negatively affects agricultural productivity. Saoil
fertility, on the other hand, refers to the soil’s ability
to sustain plant growth by providing essential
nutrients. Additionally, SOC plays a crucial role in
maintaining soil structure, regulating the hydrologic
cycle and ensuring fertility. Declining SOC levels
can affect soil productivity and contribute to

soil degradation. By studying these indicators

of soil productivity and implementing targeted
interventions to optimize fertility, mitigate erosion
and enhance organic carbon levels, sustainable
agricultural practices and long-term soil health

can be ensured.

East Africa: Kenya and Tanzania & @

In recent years, the state of soil health and
agricultural productivity in East Africa has raised
concerns, revealing various parameters in need of
improvement. Notably, rising soil erosion rates have
compounded the consequences of declining soil
fertility. This trend, combined with unsustainable
soil management practices, has contributed to

a consistent yield decline.

Moreover, the conversion of natural landscapes
into croplands has emerged as a significant

factor in the region’s soil health challenges. This
conversion has led to a marked reduction in SOC
content, intensifying the need for efforts to maintain
soil fertility and productivity.

The analysis in this paper, informed by recent

data, has revealed trends such as increased

soil loss through erosion (primarily from farms)

and inconsistent trends in fertilizer consumption
among countries. These trends have significant
impacts on SOC levels and agricultural productivity,
underscoring the urgent need for sustainable

soil management practices.

Detailed analysis

Soil erosion rates in East Africa have shown a
significant increase over the past few decades,
particularly between 1995 and 2017.%1° During
this period, the average soil loss through various
erosion processes rose from 0.3 tonnes/hectare/
year (t/ha/yr) to 0.5 t/ha/yr. Unsustainable farming
practices are the main contributors to soil loss,
accounting for more than 50% of total erosion.™
The highest erosion rates were observed in
areas where forests were cleared for farming,
underscoring the negative impact of land use
changes on soil stability.

In terms of fertilizer consumption, Kenya has
shown a significant increase in the use of the main
nutrients (nitrogen, phosphate and potash) with
fluctuations in usage since 1961, but suffered a
setback between 2020 and 2022, with a reduction
of 42% in usage mainly due to international market
price increases and geopolitical instability." The
annual growth rate for fertilizer consumption in
sub-Saharan Africa has been estimated at a

Scaling Technology Adoption for Soil Health: A Focus on Africa

7



® In the Usambara
Mountains of
Tanzania, it is
estimated that 50%
of the carbon has
been lost due to
land use change
from forest to
maize cultivation.

1.2

compound annual growth rate (CAGR) of +3.9% for
the period 2013-2021." This suggests a growing
awareness of the importance of fertilizers in boosting
agricultural productivity and soil fertility across the
region complemented by improved access.

Despite this regional growth in fertilizer use, the
transformation of natural landscapes into croplands
presents ongoing challenges, such as the significant
reduction in SOC content. Across various sites, the
decline in SOC over 19 years ranged from 13%

to 42% of the initial SOC content, highlighting the
negative effects of land use changes on soil health.™
Overall, this results in the loss of 8.8 megatonnes (Mt)
of SOC from the soil every year through soil erosion,
a non-negligible contribution to greenhouse gas
(GHG) emissions and climate change.'™ However,
agroforestry systems have shown potential in
mitigating SOC loss by promoting low bulk density
(weight of soil per given volume) and enhancing soil
volume through organic matter accumulation.'®

Interventions in the region have included improved
access to fertilizers and enhanced land management
techniques, which are crucial for mitigating the
adverse effects of soil erosion and degradation
observed across East Africa. These efforts focus

on promoting sustainable agricultural practices

that align with the specific needs of different agro-
ecological zones. Initiatives such as the distribution
of targeted fertilizer blends aim to improve soil fertility
tailored to local conditions, enhancing yield, which,
in turn, will be a key enabler in avoiding further
conversion of natural landscapes into cropland.

Geographical differences in crop yields within East
Africa reflect diverse agro-ecological conditions
and land management practices. In Tanzania, for
example, mean yields varied significantly between
regions and were influenced by fertilizer application
rates. While some areas recorded high yields

with optimal nutrient inputs, others experienced
lower productivity levels, emphasizing the need

for targeted soil fertility management strategies
tailored to specific agro-climatic zones.'”

In the Usambara Mountains of Tanzania, it is
estimated that 50% of the carbon has been lost
due to land use change from forest to maize
cultivation.'® Throughout the country, eroded
soils had the lowest SOC across land uses. ™
Establishing bench terraces with zoned tillage
could reduce soil losses by greater than or equal
to 75%, up to 87.1 t/ha/yr. These reductions are
comparable to the effects of converting croplands
to natural vegetation, demonstrating that most
agricultural soils can be conserved successfully.?°

Analysis shows a general tendency for higher
yields with an effective combination of SOC
inputs and mineral fertilizer. According to a 2021
report by Taylor et al., “In dryland environments,
achieving SOC concentrations to around

the 2% threshold is likely to be challenging,
although, where SOC is < 1%, there is evidence
to suggest that relatively minor increases can
have a positive effect on yield.”' This also
highlights the need for regional thresholds.

West Africa: Nigeria, Ghana

and Cote d’lvoire () £ ()

The state of soil health and agricultural productivity
in West Africa has become a major concern, with
several important issues highlighting the need for
urgent intervention. Severe soil erosion in countries
such as Nigeria, Ghana and Cote d’lvoire has
intensified the challenges of maintaining soil

fertility and structure.

Additionally, the high cost and limited availability
of mineral fertilizers have led to widespread
nutrient depletion across the region, with Ghana
and Cote d’lvoire experiencing some of the most
severe impacts. This situation is aggravated by the
critically low levels of SOC observed, particularly

in areas of intensive cultivation and mining, further
compromising the soil’s ability to support healthy
agricultural practices.

The analysis indicates a concerning trend of
increasing soil loss primarily due to erosion and
deforestation, alongside inconsistent and often
insufficient fertilizer use. These issues have
implications for SOC levels and overall agricultural

productivity, emphasizing the need for sustainable
soil management strategies in the region. Such
strategies must prioritize both the reversal of
degradation trends and the enhancement of soil
health to ensure the long-term viability of agriculture
in the region.

Detailed analysis

Soil erosion is a challenge in Nigeria, with 37.5%

of the total area experiencing light degradation,
4.3% moderate, 26.3% high and 27.9% very high.??
Such erosion affects the infrastructure, contributing
to road and building damage, and complicates
efforts to alleviate poverty, costing more than $100
million annually mostly in southeastern Nigeria.?
This contributes to one of the highest rates of

soil nutrient depletion in sub-Saharan Africa. Soil
erosion in Cote d’lvoire remains an under-addressed
issue, worsened by insufficient data collection and
unpreparedness for climate change.?*

Scaling Technology Adoption for Soil Health: A Focus on Africa 8



® Addressing

soil erosion, soil
fertility, SOC
depletion, pesticide
contamination
and the adoption
of sustainable
land management
practices will
ensure agricultural
sustainability and
environmental
resilience in

West Africa.

Challenges in soail fertility are evident; with the high
cost of mineral fertilizers, Nigeria is limiting the use of
essential inputs. Despite rising fertilizer demand, local
production has not met needs, leading to nutrient
depletion and concerns about shrinking cultivable
land per capita, projected to decrease by more than
80%, from 0.85 hectares (ha) in 1997 to 0.15 ha by
2050.% Ghana faces soil fertility issues, with annual
losses estimated at 35 kilograms (kg) of nitrogen,

4 kg of phosphorus and 20 kg of potassium per
hectare.?® Additionally, toxicities from metals such as
zinc and aluminium highlight soil fertility problems.2”
Céote d’lvoire faces growing concern about the
depletion of soil fertility, partially due to the lack

of consistent data and effective soil management
strategies to counteract erosion and nutrient loss.

Specific data on SOC levels for Nigeria is limited,
but the widespread soil degradation suggests
significant impacts on SOC. SOC content in Ghana
is low, especially in mined areas, where levels are
as low as 0.14%, indicating severe ecosystem
disruption and challenges to soil health.?® Low
SOC levels are prevalent in Cote d’lvoire, affected
by practices such as crop residue removal and
high decomposition rates. However, agroforestry
and organic fertilizers have shown potential in
increasing SOC levels and improving soil health in
the Southwest region of the country. Reforestation
and green cover promotion have been proposed
to mitigate soil loss, with some areas seeing
reductions of up to 98%.%°

Soil erosion rates vary widely across Nigeria,

from between 5 and 120 t/ha/yr in the west to an
alarming 4,185 t/ha/yr in Katsina, northern Nigeria.*
Erosion reduces arable land area and depletes fertile
soil. Despite high demand, fertilizer use remains low.
In 2021, Nigeria consumed more than 1.8 million
tonnes of fertilizer (primarily urea), but inadequate
local production leads to heavy reliance on imports
and high costs for farmers.®" The negative nutrient
balance highlights declining soil fertility, widening the
yield gap. Targeted interventions and sustainable
land management practices, including enhancing
SOC through land restoration, can improve soil
health and boost yields.

In Ghana, cocoa production faces a yield

gap suggesting the loss of fertility over time.
Consequently, uniform fertilizer application

across regions with varying soil characteristics

is challenging. General soil conditions — low pH,
low cation exchange capacity®* and low SOC
content — require tailored approaches. Optimizing
nutrient availability by tailoring fertilizer formulas to
match regional soil needs (especially nitrogen and
phosphorus deficiencies) could substantially close
the yield gap.

Overall, addressing soil erosion, sail fertility, SOC
depletion, pesticide contamination and the adoption
of sustainable land management practices will
ensure agricultural sustainability and environmental
resilience in West Africa.
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1.3

® The conversion
of natural
landscapes into
croplands has
significantly
compromised
soil fertility in
both countries.

Southern Africa: South Africa and Zambia 'S &

The decline in soil health conditions and agricultural
productivity in South Africa and Zambia highlights
the need for improvements. In South Africa,

soil erosion is extensive, affecting a large area

with varying severity due to intensive farming

and overgrazing practices.

Moreover, the conversion of natural landscapes into
croplands has also significantly compromised soil
fertility in both countries. Poor nutrient management
over the years has led to reduced soil fertility,
emphasizing the importance of improved fertilization
strategies to enhance agricultural productivity.

The analysis for this paper has revealed which
trends have significant impacts on SOC levels and
agricultural productivity, underscoring the imperative
for comprehensive and sustainable soil management
practices across both South Africa and Zambia to
reverse the degradation trends and secure the long-
term viability of agriculture in the regions.

Detailed analysis

Soil erosion has become a concern in South

Africa, with studies indicating rates from O to

25 t/ha/yr, and some areas experiencing higher
rates.®® Approximately 61 million ha are classified as
moderately to severely vulnerable, and an additional
91 million ha as having low to very low vulnerability.®*
The national average soil loss rate is 12.6 t/ha/yr,
with croplands experiencing about 13 t/ha/yr, far
exceeding the natural soil formation rate of less than
5 t/ha/yr.®s Extensive tillage-based cultivation and
overgrazing affect more than 60% of the land used
for farming, driving this degradation and emphasizing
the need for sustainable land management practices
to mitigate its effects on agricultural productivity and
environmental sustainability.®® The erosion challenges
are comparable to those in Zambia, affecting
agricultural productivity and land sustainability.

Reduced soil fertility results from deforestation and
poor nutrient management, with significant nutrient
losses in South Africa over the past 30 years,
including an average of 660 kg of nitrogen, 75 kg of
phosphorus and 450 kg of potassium per hectare.®’
These losses create challenges for maintaining
productive soils and supporting sustainable
agricultural outputs. The low use of fertilizers,
averaging only 8 kg/ha, underscores the inherently
low fertility of soil in Zambia. The wide gap

between potential yields in experimental settings
(up to 8-12 t/ha) and actual yields achieved by
farmers (around 1-1.2 t/ha) highlights the critical
need for improved nutrient management and
fertilizer application strategies to bridge this gap
and enhance crop productivity.® In most farmers’
fields in Zambia, yields for maize are around

1-1.2 t/ha compared to a potential of 8-12 t/ha

in on-station trials and commercial farms.*®

The organic carbon content in topsoils in South
Africa is low, with only 4% of soils containing more
than 2% organic carbon and 58% containing less
than 0.5%.%° These levels indicate very low organic
matter levels, which are detrimental to soil health
and agricultural resilience. Low SOC levels are also
highlighted in Zambia, particularly in agricultural
systems, with average organic carbon content
reported at between 0.5% and 1% and at even lower
levels in cultivated soils. This depletion in SOC is a
significant concern, affecting soil structure, fertility
and the ability to support healthy crop growth.*!

The challenges of soil erosion, declining fertility

and low SOC levels in South Africa and Zambia

are stark, and it is important to address these
issues if agricultural productivity and sustainability
are to be improved in these countries. Strategies
such as enhancing soil management practices,
increasing the use of fertilizers and implementing
soil conservation techniques are critical for reversing
the degradation trends and ensuring the long-term
viability of agriculture in both countries.

Scaling Technology Adoption for Soil Health: A Focus on Africa 10
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2.1

Farmers’ knowledge

of soil health

What farmers know about soil health is key
In designing scientifically sound interventions.

Frequently, the knowledge that farmers have,
based on qualitative data such as soil colour,

is aligned with objective laboratory results.
However, misunderstandings concerning the
quality of available fertilizers can further hamper
the roll-out of an already scarce product.*

In addition, one-size-fits-all recommendations
to apply fertilizer without regard for local soil
conditions has resulted in a long-term yield
decline in certain African regions — with a notable
example being the single recommendation

for West African rice, despite three different
cultivations giving different yields.

The next section illustrates instances of farmers’ soil
health knowledge, gleaned from farms in the seven
African countries of focus, through:

1. Adiscussion of survey results related to farmers’
soil health knowledge

2. ldentification of the main indicators that farmers
use to assess soil health

3. Assessment of farmers’ effectiveness in
judging soil health and how they take the
most appropriate action

With Africa’s soils facing degradation and fertility loss, urgent action is needed to
rehabilitate arable soils. Access to accurate soil data has never been more crucial.

Yara is proud to be investing in innovative initiatives such as Soil Health data (SoilHive)
to respond to today’s calls. By addressing critical challenges such as acidic soils, we
aim to empower farmers across Africa. Our goal is to improve their livelihoods, enhance
soil fertility and support a sustainable, nature-positive future for Africa.

Luis Alfredo Pérez, Senior Vice-President, Business Unit Africa, Yara International

Ghana &

Farmers’ knowledge
and the main indicators

Farmers in Ghana'’s Eastern and Northern regions
acknowledge soil erosion as a major issue affecting
soil health. They attribute this to over-cultivation,
deforestation and heavy rainfall.

— In the Eastern and Northern regions of
Ghana, 95.7% and 86.7% of farmers,
respectively, acknowledged soil erosion as
a serious problem.*

— 80% of respondents in the Eastern region
acknowledged severe erosion problems on
homestead land, while in the Northern region,
severe erosion was more noticeable on distant
farmland (85.0%).%

— Over the past 10 years, 58.6% of farmers in
the Eastern region and 75.0% in the Northern
region acknowledged a worsening of soil
erosion severity.*

Indicators of soil erosion identified by farmers include
decreased productivity, shallow soil depth, the
presence of rills, sheet erosion, soil loss and changes
in soil colour.“® The use of non-tactile and non-visible
indicators, such as soil mineral composition and soil
microorganisms, was not common.

Overall, the indicators used aligned with scientific
reports, but there were knowledge gaps, especially
in the use of indicator plants (whereby it is possible
to determine the state of the soil depending on

the specific type of weeds that appear). The

use of these plants to determine soil health was
influenced by factors such as weed control, soil
benefits and potential threats to crops.*”

Scaling Technology Adoption for Soil Health: A Focus on Africa 11



2.2

2.3

Nigeria ()

Farmers’ knowledge
and the main indicators

Farmers and scientists in Nigeria recognize the
decline of soil health and overwhelmingly identify
desertification as the foremost threat to soil health.*

— They identify desertification, a process that
severely hampers soil fertility and agricultural
yield, as the main culprit (80.2% of farmers).

— Soil erosion is mentioned as a factor that
compounds the effects of desertification

Tanzania @

Farmers’ knowledge
and the main indicators

Farmers believe soil health is declining, as
expressed in a study conducted in the north of

the country. Around 68% of farmers complained

of decreased soil fertility. Several factors were
mentioned as the causes of this decline,®" including
soil erosion (77%), the extensive grazing that is
common in the area (72%) and the burning of

crop residues (78%).

Overall knowledge of soil health was limited,
with 47% of households lacking knowledge
of soil fertility management. This resulted in
misconceptions, such as farmers incorrectly
identifying mineral fertilizer application as a
driver of soil destruction. This is partially
explained by the unfounded belief that the
available fertilizers are substandard, even if
lab analyses prove otherwise.®

(88.3%). Erosion processes such as soil erosion
strip away the nutrient-rich topsoil, reducing soil
depth and degrading its structure, which further
undermines its productivity.

The top 10 qualitative indicators for assessing

soil health are: organic matter, crop appearance,
erosion, earthworms, drainage, tillage ease, soil
structure, pH, soil tests and yield.*® Qualitative and
quantitative measures (nutrient availability, nutrient
retention, root penetration, biotic environment, water
entry capacity and ability to resist degradation) have
significant positive correlations.®®

Farmers mainly relied on the presence of certain
weeds and stunted plant growth as indicators of
poor soil health in the north of the country. Other
studies have identified “hoe-ability”, soil crushing,
its smell and rate of water retention as proxies for
soil health indicators.%®

As a response, interventions were adopted by a
limited number of farmers,> mainly: fallowing
(7% of farmers), ridges (4%), crop rotation (11%),
intercropping (38.4%) and the availability and use
of manure on mixed farms — i.e. farms that also
own livestock — (2%).

In trials studying the effects of conservation
agriculture® on soil health, the implementation of
conservation agriculture-related practices resulted
in soil quality gains that were observable.
However, these results were not as significant in
sandy soils as they were in other types (e.g. lime),
highlighting the need to adapt recommendations
to local conditions.®®
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2.5

Kenya &

Farmers’ knowledge
and the main indicators

Farmers in Kenya acknowledge soil erosion as

a major issue affecting maize production in arid
and semi-arid areas of the country. They attribute
this to inadequate rainfall, low implementation of
soil erosion mitigation measures, crop diseases
and inadequate mineral fertilizers. The maize
production trends in Kenya reveal significant
concerns about declining yields.

— The study took place in Elgeiyo-Marakwet
County, probing the trend of maize production
in the study area from the year 2010 to 2014.
The results showed that in Kenya, 73.1% of

farmers reported that maize production has
been decreasing, while 26.8% stated that yields
have remained stagnant or are decreasing.
Maize production has dropped from 44 million
bags in 2018 to 34.3 million bags in 2022.5"

— Factors contributing to low agricultural outputs

include environmental degradation, soil erosion,
minimal use of inputs (fertilizer, improved seeds
and irrigation) and counterproductive agricultural
policies (e.g. large Kenyan farms are getting
more fertilizer subsidies than smallholders).%®

This reflects the findings that emphasized the

impact of rainfall distribution on crop yields,
alongside soil quality, crop management systems
and climate interactions.®®

Southern Africa (South Africa and Zambia)

and Cote d’lvoire 3 @ ()

The lack of large-scale studies on farmers’ sail
health knowledge in South Africa, Zambia and Cote
d’lvoire brings to the fore the need for such research
to be conducted. Without this, any proposed course
of action is unlikely to succeed as the knowledge
farmers already have and their pain points are key.

In the case of South Africa, however, there are
reports of farmers’ perceptions of the occurrence
of climate change® and its effects (at least in the

Eastern Cape region) on soil health decline such as
soil erosion.®" Extreme meteorological events, such
as heavy rainfall combined with increasing, longer-
lasting drought periods, caused by climate change
and leading to soil erosion, have been exacerbated
by human intervention through some farming
practices, deforestation and indiscriminate bush
burning. The declining soil health has provoked
poor livestock health, loss of grazing land, poor
crop performance and meagre bush regrowth.
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2.6

® Understanding
the indicators and
farmer knowledge
is essential for
formulating
effective soil health
interventions.

Effective mechanisms are needed
to build on farmers’ knowledge

The first high-level conclusion based purely on
the available data yielded by the analysis is that it
is difficult to assess farmers’ knowledge in South
Africa, Zambia and Ivory Coast due to
insufficient information.

For countries where data is available, analysis
shows that although farmers have the type of
knowledge that enables them to assess and
improve the state of soil health, they need additional
resources to implement necessary changes:

— Farmers have a strong sense of declining soil
health and the impact it has on the productivity of
their farms.®2 They see the effects of declining soil
health in soil infertility and increased soil erosion.®

— Their impressions, which align with quantitative
analysis conducted on their farms, are a result of
the evaluation of visual or tactile (colour, structure)
and functional (crop performance) criteria.®
For instance, robust soil structure (qualitative)
typically correlates with enhanced water entry
capacity and nutrient retention (quantitative),
leading to improved crop performance.

Even more interesting in some environments
is that the improvements linked to the
adoption of conservation agriculture are also
visible through these assessments.® These
correlations underscore the importance of
integrating traditional knowledge with scientific
methods to develop comprehensive solil
health management strategies. Understanding
the indicators and farmer knowledge is
essential for formulating effective soil health
interventions.

However, at a time when qualitative assessments
of soil health fall short and traditional techniques
for soil analyses are currently too expensive, digital
agriculture and the availability of data become
necessary elements.® Even if the assessment

of soil health is correct, farmers often lack the
resources and/or the training to implement some
of the actions needed to overcome the effects

of soil erosion — such as conservation agriculture
practices and better application of fertilizers.5" In
addition, blanket recommendations and farmer
misconceptions sometimes limit the effectiveness
of the implemented actions.®®
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2.7

® Ensuring the
availability of data
would provide the
building blocks
for future digital
agriculture.

Key recommendations

Farmers have the knowledge to make significant
contributions to soil health improvements, but in what
areas do they need support? Five recommendations
emerge if the interventions in soil health are paired
with the understanding of farmers’ knowledge.
These can be considered under the heading of

two main questions:

/4 How can farmers be
" enabled to make the best
decisions?

Recommendation 1. Enhance extension services:
Providing adequate agronomic advice and building
farmers’ capabilities are effective measures for
supporting farmers in adopting sustainable farming
practices, alongside recommendations on how to
access financial resources.®®

a. By offering tailored guidance on soil
management, crop rotation, agroforestry and
pest control, agronomic advisers can help
farmers optimize their yields while minimizing
the environmental impacts. Additionally, holistic
agronomic advice can empower farmers to
make informed decisions about resource
use and crop selection, leading to more
resilient and sustainable agricultural systems.
By facilitating financing, improvements in
mechanization that are vital for implementing
certain practices are unlocked.

Recommendation 2. Digitalize agriculture:
Ensuring the availability of data — on the delivery
of inputs (e.g. fertilizers and seeds) and extension
services (including those related to training on
climate-smart agriculture) — would provide the
building blocks for future digital agriculture.

This could be enhanced with adequate data to
customize fertilizer formulations, seed traits or
training activities. These foundations need to
address governance and deliver net benefits to
farmers through improved data interoperability,
enhanced digital policies and measures to
ensure digital inclusion.”

a. These actions can improve the sustainability
and efficiency of farms, personalize and lower
the cost of delivering advice, bring efficiency
to offtake supply chains and increase access
to inputs and ancillary products such
as insurance.”

b. This requires increased investment in monitoring
systems, which produce the evidence needed
to provide holistic extension services and track
changes in soil health over time.

(/27\\) What practices and inputs

" need to be promoted to
deliver actual impact on
soil health?

Recommendation 3. Apply climate-smart
agriculture: Enabling soil erosion management
interventions is essential to mitigate the effects of
erosion on agricultural lands.”

a. Implementing measures to prevent soil erosion,
such as contour ploughing and terracing, can
help preserve soil integrity and fertility.”

b. Climate-smart agriculture methods, such as
minimal tillage and cover cropping, help to
minimize soil disturbance and reduce erosion.”™
These practices also enhance soil structure
and water retention, leading to improved
agricultural productivity.”

Recommendation 4. Reverse fertility decline:
Increasing the availability of fertilizers, along

with effective management in terms of sourcing,
application rate, timing and placement, is
important in addressing the issue of nutrient
depletion across the continent.”® This intervention
is crucial for bridging the yield gap and boosting
agricultural productivity through soil health

and fertility restoration.””

a. To achieve this goal, the use of both mineral
and organic fertilizers should be considered.
On top of improving fertility, they also benefit sail
structure, making the most of local conditions.®

Recommendation 5. Research and develop
other high-quality inputs: Working to develop
high-value inputs — such as quality seeds and
cultivars from crops adapted to local conditions —
is vital to enhance agricultural productivity

and sustainability.”

a. By providing farmers with access to high-quality
seeds and cultivars that are adapted to local
conditions, alongside appropriate management
techniques, crop yields can be improved and
food security enhanced.® Additionally, investing
in research and development to produce
resilient seed varieties can help farmers adapt to
changing environmental conditions and improve
their livelihoods.®'

Given these recommendations, what remains to

be seen is what their potential is for changing the
livelihoods of smallholder farmers through improving
soil health and what barriers will remain to realizing
the full potential of these actions.
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FIGURE 1

The findings of this paper confirm that improving
soil health across the African continent is one of
the key enablers of achieving food security. There
is, therefore, a need to deepen public and private
engagement on the five recommendations outlined
in Section 2.7.

To bring a quantitative perspective to these
statements, estimates have been made as to

3 Proposed ways forward

The proposed initiatives could unlock an
additional 882,817 tonnes of maize yield and
add $1 billion to farmers’ income if adoption of
selected practices grew by 10 percentage points.

what the impact of applying different levers would
be, primarily on improving fertility, using high-
quality seed and the application of climate-smart
agriculture techniques. If the adoption of improved
seed varieties and fertilization along with climate-
smart agriculture practices grew by 10 percentage
points, it would unlock 882,817 tonnes of additional
maize yield along with $1 billion in additional farmer
income in Tanzania, Nigeria, Kenya and Ghana.®

Initiative potential — closing the maize yield gap in selected countries

The proposed initiatives can, on their own, significantly reduce the yield gap
with significant benefits coming from applying them concurrently

Current yield Equivalent gain in production
Country Current maize area (Mha) and potential gain (t/ha) and farmers’ income
Ghana T T T T T T T T |
| |
3 ! n 1.4) 6.8 149K tn $14.3 million
| |
,,,,,,,,,,,,,,,,, |
Nigeria \’7777777777777777771‘
| |
‘ ' 0.6 74 : 316.8k tn $69.8 million
| |
| |
Kenya ]

>

i 284.7k tn $602.3 million

Tanzania

7

132.3k tn $396.3 million

Total

. Current yield Potential gain «’:) Yield gap 882.8k tn $1,082 million

Note: Mha = millions of hectares; t/ha = tonnes per hectare; k tn = thousands of tonnes Source:*
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Existing initiatives

Fortunately, several initiatives already exist and are
driving impact on the ground. The most wide-
ranging and ambitious are listed below.

1. Extension services:

The Global Soil Doctors Programme is an example
of a capacity-building programme that offers a

digital farmer-to-farmer training platform to empower
farmers with the expertise and skills needed

for sustainable soil management. This initiative
enables farmers to diagnose and resolve soil issues
independently while aiding national governments and
stakeholders to meet the needs of rural communities.

2. Digitalization of agriculture:

The Soil Knowledge Partnership — a soil data
platform that aims to improve soil data collection,
accessibility, knowledge-sharing and interoperability
—is being developed as a public-good open data
exchange. The partnership engages stakeholders
across the agri-food ecosystem, including industrial
partners, farmers and civil society. Using SoilHive
technology developed by private-sector actors Yara
and Varda, the governments of Norway, Kenya

and Tanzania are supporting partners to expand

the availability of historical data, improve data
collection, information dissemination, accessibility
and knowledge-sharing. The partnership collaborates
with programmes such as Thryve Innovation Colab
to develop a nationwide soil fertility database with
standardized data. This initiative provides farmers
with information on efficient fertilizer use and best
cropping practices, while governments can use the
data for data-driven policy recommendations. Thryve,
in collaboration with the World Bank, is working to
enhance Kenyan food security and sail fertility.

3. Applying climate-smart agriculture:

Accelerating Impacts of CGIAR Climate Research
for Africa (AICCRA) operates across the continent.
By 2022 it had set up several demonstration plots in
18 communities across different regions of Ghana,
which promote bundled climate-smart agriculture,
including drought- and pest-resistant maize varieties.
The benefits of these practices are improved disease

and pest management, productivity and resilience
along with maize varieties that are yielding 62% more
than those for which they are being substituted.®

4. Reversing soil fertility loss:

The International Network on Soil Fertility and
Fertilizers (INSOILFER) launched by the Food and
Agriculture Organization of the United Nations
focuses on sustainable soil fertility management

for preventing the underuse, misuse and overuse
of fertilizers, thus lessening the environmental and
health impacts. This network covers almost the
entire scope of this paper — Kenya and Tanzania in
East Africa, Nigeria and Ghana in West Africa and
Zambia and South Africa in Southern Africa. On the
other hand, private-sector actors such as the OCP
Group implement the 4R Nutrient Stewardship (right
source, right rate, right time and right place) and
farmer-led experimentation, where effective nutrient
management is essential for improving soil health
and crop yields.

5. Researching and developing other high-
quality inputs:

The ECOBasic Seed Company, launched in 2021
in Nigeria, aims to double the current yield of
maize up to 4 t/ha. The company is sponsored

by leading institutions, including the African
Agriculture Technology Foundation (AATF), the

Bill and Melinda Gates Foundation (BMGF), the
Alliance for Green Revolution in Africa (AGRA) and
the Seed Entrepreneurs Association of Nigeria
(SEEDAN). The company’s main activity is the
development and production of foundation seeds
for seed companies, helping to create new hybrids
especially adapted to local conditions and acting
as an intermediary between research institutes and
seed companies. The Vision for Adapted Crops and
Soils initiative (VACS) is developing climate-resilient
crop varieties by accelerating plant-breeding efforts
for targeted nutritious and traditional food crops.

[t improves access to knowledge and information
at the farm and field level regarding optimal crop
selection, location planning, cultivation practices —
including tillage and fertilization — and the capacity
to build new value chains.

At IBM, we recognize the critical role of partnerships in enabling communities to
address environmental challenges by using technologies like Al. This is especially
true when it comes to helping farmers make agriculture practices more sustainable
and productive. That’s why, through our pro-bono program - the IBM Sustainability
Accelerator — we work with organizations around the world to leverage and scale
technology solutions that can support farmers and their communities, and we’re
honored to be a US Department of State VACS Champion through this program.

Justina Nixon-Saintil, Vice-President and Chief Impact Officer,

IBM, USA
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3.2  Further steps

The following steps are needed to increase the — Policy and regulation:

impact of these initiatives and address some of Conduct studies to understand soil

the existing gaps. properties, increase fertilizer use, implement

quality control for fertilizers, refine policies

— R&D and product development: to support digital agriculture, promote open
Increase public funding and coordination for border policies, improve market access and
stress-resilient, climate-smart crop varieties, promote gender equity in agriculture making
invest in high-yield, disease-resistant seeds use of and, when necessary, repurposing
tailored to local conditions existing subsidies and incentive programmes

— Removing access barriers: The proposed key actions align with those proposed
Reduce logistical costs, facilitate agricultural at the African Fertilizer and Soil Health Summit in
credits for small farmers, build local fertilizer 2024% and the collaboration goals of the United
infrastructure, provide affordable digital devices, States and the African Union. To advance the kind
improve internet connectivity and establish of multistakeholder collaboration that is needed to
soil-testing centres realize the goals, two platforms have been identified:

— Farmer enablement:
Enhance access to agricultural information
and technologies, develop customized
recommendations, promote digital literacy
programmes and provide training on
modern farming technologies

— Partnerships and coalitions:
Enhance coordination among governments,
NGOs and the private sector; foster
institutional links, promote public—private
partnerships, form farmer-based organizations
and provide agricultural credit

100 Million Farmers — which, among other
aspects, is suited because of its focus on
soil health improvement in East Africa, by
facilitating decisions through data synthesis
and incentive-setting

The Food Innovation Hubs Global Initiative — which
aims to unlock the investment and collaboration
necessary to enable technology adoption for
soil health at scale; the initiative is looking at
opportunities to establish Food Innovation Hubs
across the continent, with an initial focus on
East Africa
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